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(57) Abstract: A retrievable separation system (10) for separating hydrocaibons from 
contaminants is positioned inside a production tobing creasing (54) in the wellbore of 
a well and can be easily retrieved by a retrieval tool without the removal of the entire 
production string. The retrievable separation system includes one or more membrane 
units (20 or 1 1 0) and shear-out subs (30) which are retrievable with a grasping portion of 
a retrieval tool. The membrane unit (20) may include reusable hardware (112.114,116, 
and 118) to house a replaceable membrane (130). New membranes (130) may be used 
to replace spent membranes with the membrane unit (20) being reinstalled in a wellbore 
for further separation of hydrocarbons from contaminants. 
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1 METHOD AND APPARATUS FOR WELLBORE SEPARATION 

2 OF HYDROCARBONS FROM CONTAMINANTS WITH REUSABLE 

3 MEMBRANE UNITS CONTAINING RETRIEVABLE MEMBRANE 

4 ELEMENTS 

5 

6 FIELD OF THE INVENTION 

7 The invention relates to recovery of hydrocarbons from a wellbore, and 



8 more particularly, the invention relates to technology for separation of 

9 contaminants from hydrocarbons in a wellbore with reusable hardware 
10 containing retrievable membrane elements. 



11 

12 BACKGROUND OF THE INVENTION 

13 AND BRIEF DESCRIPTION OF THE RELATED ART 

14 Hydrocarbon gases and liquids have been recovered from 



1 5 underground wellbores for over a hundred years. The recovery technology 

16 generally involves drilling a wellbore into a hydrocarbon gas or liquid 

1 7 fomiation and withdrawing the materials under reservoir pressure or by 

18 artificial lifting. 

19 The cun^ent recovery technology involves removing the hydrocarbons 

20 and any contaminants which are present from the wellbore together, and 

21 separating the contaminants from the hydrocarbons above ground. This 

22 above ground separation is costly. Disposal of the removed contaminants 

23 may also present environmental problems. The contaminants which may be 

24 produced include gases, such as carbon dioxide, nitrogen, water vapor, 

25 hydrogen sulfide, helium, and other trace gases, and liquids such as water, 

26 and others. 

27 The contaminants which are brought to the surface and separated 

28 from the hydrocarbon must be released to the atmosphere or othenwise 

29 disposed of adding additional expense to the process. Due to environmental 

30 concerns about the release of greenhouse gases, many countries are placing 

31 greater and greater limitations on emission of byproduct gases to the 
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1 atmosphere. For example, some countries now assess a tax on carbon 

2 dioxide emissions. Otiier contaminants are highly con-osive or poisonous and 

3 require special handling. For example, hydrogen sulfide must be reacted and 

4 converted to motteh sulfur before disposal. 

5 Accordingly, it would be highly desirable to maintain some or alj of the 

6 contaminant materials within the wellbore and/or selectively separate the 

7 contaminants in the wellbore for reinjection, removal, or other processing. 

8 Membrane technologies have been developed which allow the 

9 selective passage of materials. This technology has heretofore been used as 

10 a suriace technology for separating hydrocarirons firom contaminants after 

11 recovery and has not been used In a downhole situation. It would be 

12 desirable to provide an apparatus and method for downhole separation and 

1 3 selective recovery to maximize the production of a desired hydrocarbon while 

14 minimizing production or separately producing contaminants. 

15 U.S. Patent No. 6,015,011 describes a downhole hydrocarbon 

1 6 separator using membranes. The separator includes a pemieable filter 

17 attached to the bottom of a pacl<er so that a filter outlet end Is In fluid 

1 8 communication with an aperture in the packer. The filter selectively passes 

1 9 fluids from beneath the pacl<er to above the packer. However, when fitters or 

20 membrane materials are used downhole for the filter materials can become 

21 fouled over time. The fouled filters greatly decrease the efficiency of the 

22 system. 

23 It would be desirable to provide a downhole separation system in which 

24 the separating membranes or filters are retrievable for replacement or 

25 cleaning of ttie system. However, in the system of U.S. Patent 

26 No. 6,01 5,01 1 , the entire well casing, packer, and filter must be removed for 

27 replacement or cleaning of the filter. This results in lost productivity and 

28 substantial downtime for replacement of a fouled filter. 

29 Accordingly, it would be desirable to provide a system and method for 

30 quickly and easily retrieving and replacing downhole membranes. 
31 
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1 SUMMARY OF THE INVENTION 

2 The present invention provides a quick and reliable solution to retrieval 

3 and replacement of downhole membranes. The system includes a 

4 membrane system which is positioned within the production tubing or casing 

5 of a wellbore and can be removed from the wellbore independent of the 

6 production tubing. 

7 In accordance with one aspect of the present invention, aretrievable 

8 system for separating hydrocarbons and contaminants in a wellbore includes 

9 a pluralHy of membrane units configured to be positioned in the wellbore for 

1 0 separating contaminants from a hydrocarbon. The membrane units each 

1 1 have a first end and a second end configured to be connected to the first end 

12 of another membrane unit. A shear-out member has first and second ends 

1 3 configured to be connected to first and second ends of the membrane units 

14 for interconnecting membrane units. The shear out member includes a 

1 5 shearing portion which shears at a predetemilned load separating the first 

16 and second ends of the shear-out member. 

17 In accordance with another aspect of the present Invention, a 

1 8 retrievable system for separating hydrocarbons and contaminants in a 

19 wellbore includes a production tubing configured to be positioned in a 

20 wellbore, and at least one membrane unit configured to be positioned in the 

21 production tubing for separating contaminants from hydrocarbon. The 

22 membrane unit has a fishing neck located at one end to allow retrieval of the 

23 membrane unit from the production tubing with a retrieval tool. 

24 In accordance with a further aspect of the present invention, a method 

25 of retrieving a system for separating hydrocarbons and contaminants in a 

26 wellbore includes the steps of providing a membrane separation system for 

27 separating hydrocarbons and contaminants in a wellbore, the membrane 

28 separation system Including at least one membrane unit and at least one 
29' shear-out sub connected to the membrane unit; and removing the membrane 

30 units from a production tubing in the wellbore with a retrieval tool which 

31 grasps the membrane unite. 
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1 In accordance an additional aspect of the present invention, a 

2 retrievable membrane unit having a replaceable membrane for separating . 

3 hydrocarbons and contaminants in a wellbore includes a perforated tube 

4 configured to be positioned in the wellbore, a first end cap removably secured 

5 on a first end of the perforated tube, the first end cap including a coupling 

6 element for coupling the perforated tube to elements of the separation 

7 system, and at least one membrane removably secured in the perforated tube 

8 for separating contaminants from a hydrocarbon, wherein the membrane can 

9 be removed from the perforated tube by removing the first end cap. 

10 In accordance with yet another aspect of the present invention, a 

1 1 method of replacing a membrane In a downhole system for separating 

12 hydrocarbons and contaminants includes the steps of: providing a membrane 

13 separation system for separating hydrocarbons and contaminants in a 

14 wellbore, the membrane system including a membrane unit containing a 

1 5 membrane; removing the membrane unit from the wellbore with a retrieval 

16 tool; removing the membrane from the membrane unit; replacing the 

1 7 membrane; and reinserting the membrane unit into the wellbore; 
18 



19 BRIEF DESCRIPTION OF THE DRAWINGS 

20 The invention will now be described in greater detail with reference to 

21 the preferred embodiments illustrated in the accompanying drawings, in which 

22 like elements bear like reference numerals, and wherein: 

23 FIG. 1 is a side cross sectional view of a downhole apparatus for 

24 separating hydrocarbons and contaminants according to the present 
26 invention; 

26 FIG. 2 is an exploded side cross sectional view of a portion of the 

27 downhole apparatus for separating hydrocarbons and contaminants of FIG. 1 ; 

28 FIG. 3 is an enlarged side cross sectional view of a shear-out sub of 

29 the apparatus of FIG. 1 ; 

30 FIG. 4 is an enlarged side cross sectional view of a fishing neck sub of 

31 the apparatus of FIG. 1; 
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1 FIG. 5 is an enlarged side cross sectional view of a packoff assembly 

2 of the apparatus of FIG. 1 ; 

3 FIG. 6 is an enlarged side cross sectional view of a latch-in seal 

4 assembly of the apparatus of FIG. 1 ; 

5 FIG. 7 is an exploded side cross sectional view of the latch-in seal 

6 assembly of FIG. 6; 

7 FIG. 8 is a side cross sectional view of a first end of a reusable 

8 membrane unit, which may be used in place of a membrane unit shown in 

9 FIG. 1 , containing a membrane for separating hydrocarbons and 

1 0 contaminants according to the present invention; 

1 1 FIG. 9 is a side cross sectional view of a second end of the reusable 

12 membrane unit for separating hydrocarbons and contaminants according to 

1 3 the present invention; 

14 FIG. 1 0 is a schematic side cross sectional view of two interconnected 

15 reusable membrane units positioned downhoie; and 

16 FIG. 1 1 is a perspective view of a membrane having end seals. 
17 

18 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

19 Downhoie membrane separation systems are used for separating 



20 contaminants from hydrocarbon liquids and gases downhoie. The 

21 contaminants which are removed downhoie may be reinjected into an 

22 underground disposal formation or removed to the surface for disposal. Over 

23 time, the membranes that are used downhoie may become fouled due to 

24 accumulation of contaminants. In addition, the production of a particular well 

25 may change over time requiring a change in the configuration of the 

26 membrane separation system which is used. The present invention provides 

27 a system which allows membranes to be removed from a wellbore and 

28 replaced in an efficient manner. 

29 Wells generally include a production tubing string or casing which is 

30 lowered into the well. The production tubing string may include valves, 

31 packers, and other elements for controlling the production of the well. The 
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1 production tubing string may also include membranes for separation of 

2 hydrocarbons and contaminates. However, in order to remove and replace 

3 membranes incorporated in the production string, the production string must 

4 be withdrawn from the well. This removal of the production string results in 

5 substantial downtime and expense. 

6 The present invention provides a retrievable membrane separation 

7 system 10, shown in FIG. 1. The membrane separation system 10 is placed 

8 inside the production tubing (not shown) of a well and can be easily deployed 

9 by a deployment tool and retrieved by a retrieval tool without the removal of 

10 the entire production string. 

1 1 FIG. 1 illustrates a membrane separation system 10 for separating 

12 hydrocarbons from contaminants In a wellbore. The system 1 0 Includes a 

1 3 bottom sub 1 2, a seal assembly 1 4, one or more shear-out subs 30. one or 

14 more membrane units 20, a packoff assembly 16, and a fishing neck 60. The 

1 5 system may also include outer tubular members including a perforated liner 

16 1 8, a packoff bushing 1 9, and a tube 54 for delivery of the hydrocarijon to the 

1 7 surface. The assembled separation system 1 0 is inserted inside the 

18 production tubing of a well and the bottom sub 12 is inserted into a packer 56 

19 in the production tubing. An optional upper packer 58 may be added for 

20 Isolation of the separated contaminants if the contaminants are to be 

21 disposed of downhole. 

22 FIG. 1 illustrates a single membrane unit 20 for purposes of illustration. 

23 However, the membrane separation system 10 may include multiple 

24 membrane units 20 interconnected to one another and to one or more of the 

25 shear-out subs 30. 

26 In an assembled configuration, each of the membrane units 20 

27 includes one or more membranes (not shown) positioned inside the 

28 membrane unit. Each of the membranes separates one or more hydrocarbon 

29 and one or more contaminant. The membranes are hollow tube membranes 

30 positioned inside each of the membrane units 20. The membrane units 20 

31 are connected to one another and to one or more of the shear-out siibs 30 to 
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1 form the separation string or system 1 0 wliich is inserted into tlie production 

2 tubing in the weiibore. 

3 The membrane units 20, as shown in FIG. 2, each include a hollow 

4 perforated tube having a first end 22 configured with interior threads and a 

5 second end 24 with exterior threads which is configured to mate with and 

6 engage a first end 22 of another membrane unit, a first end of a shear-out 

7 sub 30, or another sub. The shear-out sub 30 also has a first end 32 with 

8 interior threads and a second end 34 with exterior threads. The first end 32 

9 of the shear-out sub 30 connects to the second end 24 of the membrane 

1 0 units 20. or another sub. The second end 34 of the shear-out sub 30 Is 

1 1 an^nged for mating engagement with the first end 22 of a membrane unit 20, 

12 or another sub. The first and second interconnecting ends of the membrane 

1 3 units 20 and the shear-out subs 30 allow the anangement of the membrane 

14 unite, shear-out subs, and other subs In a string as needed for a particular 

15 application. The entire membrane unit string can be removed from the 

16 weiibore as one piece or in multiple parts with the membrane units 20 

17 separated at the shear-out subs 30 as described below. 

18 The shear-out sub 30 is provided for severing the tubing string 

1 9 between the membrane units or between other units when the tubing string Is 

20 subjected to excessive loads. This prevents the membrane units 20 from 

2 1 breaking within the weiibore when a portion of the string becomes stuck In the 

22 weiibore. Broken membrane elements 20 or other broken units left In the. 

23 weiibore can cause significant functional problems and downtime for the well. 

24 FIG. 3 illustrates one example of a shear-out sub 30 including first and 

25 second telescoping members 42, 44. The telescoping members 42, 44 are 

26 connected by a plurality of shear-out screws 46 or pins. The first telescoping 

27 member 42 fits inside the second telescoping member 44 and includes one or 

28 more annular grooves containing sealing elements 48. The sealing elements 

29 48 may be 0-rings, gaskets, or other known seals. The second telescoping 

30 member 44 of the shear-out sub 30 Includes a fishing neck 50 which is 

31 configured to be grasped by a wireline retrieval tool (not shown). If the shear- 
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1 out screws 46 break due to excessive force being applied during removal of 

2 the membrane elements 20, the fishing neck 50 becomes exposed and 

3 allows a grasping portion of the retrieval tool to be connected to the remaining 

4 portion of the shear-out sub 30 for removal of membranes remaining in the 

5 wellbore. The shear-out sub 30 shears off at a predetemiined tension load 

6 which is less than the load which would fracture the membrane units 20 or the 

7 other subs. In other words, a tensile strength of the shear-out subs 30 is less 

8 than a tensile strength of the membrane units 20 and the other subs in the 

9 separation string 10. 

10 The membrane unit 20 as described above includes an outer rigid tube 

11 with perforations 26 and one or more membranes contained in the tube. The 

12 membrane unit 20 may also be fomied with the membranes providing a 

1 3 self-supporting tube. However, the membrane unit 20 including a rigid 

14 perforated outer shell helps prevent breakage of the membrane unit during 

15 removal. One example of an alternative membrane unit 110 having a 

16 reusable perforated outer tube and replaceable membrane will be described 

17 below in more detail in conjunction with FIGS. 8-1 1 . 

18 The string of membrane units 20 is positioned within the production 

19 tube with the bottom sub 12 connected to the packer 56 in a known manner. 

20 For example, the bottom sub may be fixed in the packer 56 by a sealed 

21 connection including chevron seals, a snap latch connection, or other known 

22 connection. According to one embodiment of the invention, the string is 

23 connected to production packers at both ends. 

24 FIG. 4 illustrates a fishing neck sub 60 which is attached to an upper 

25 end of a membrane unit 20 for retrieval of the membrane string. In particular, 

26 the fishing neck sub 60 includes a fishing neck 62 configured to be grasped 

27 by the retrieval tool. The fishing neck configuration illustrated in FIG. 4 is only 

28 one example a fishing neck. Other fishing neck configurations are known to 

29 those skilled in the art. The fishing neck sub 60 includes extemal threads 64 

30 connectable to the internal threaded portion 22 of the membrane unit 20 or 

31 another sub. Although the fishing neck sub 60 has been described as a 
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1 separate sub connectable to the membrane units 20, the fishing necl< portion 

2 may also be incorporated in one or more of the membrane units 20 or other 

3 subs. 

4 FIG. 5 illustrates a packoff assembly 1 6 for use In the separation string 

5 1 0 according to the present Invention. The packoff assembly 1 6 Is provided 

6 with an annular sealing portion 66 for preventing contaminants which have 

7 passed out through the walls of the membrane units 20 firom entering the tube 

8 54 which delivers the hydrocarbon to the surface. 

9 FIGS. 6 and 7 illustrate one example of a latch-in seal assembly 14 for 

10 securing the inner members ofthe separation string to the outer tubular 

1 1 members of the separation string and for Isolating the separated contaminant 

12 from the hydrocariaon passing through the separation string. The latch-In seal 

1 3 assembly 1 4 includes an outer latch-in seal housing 70 which is connected at 

14 one end to the bottom sub 12 and at an opposite end to the perforated liner 

15 18. The latch-in seal assembly 14 also Includes an Inner assembly 72 

16 positioned in the outer housing 70. The inner assembly 72 is connected at 

17 one end to inner elements of the membrane string, such as the shear-out sub 

18 30 or membrane units 20. The inner assembly 72 ratchets into the outer 

1 9 housing 70 in the manner described below to latch the inner assembly 72 and 

20 connected inner units to the outer housing 70 and connected outer units. 

21 The Inner assembly 72, as shown more cleariy In FIG. 7, includes a top 

22 sub 74, a mandrel 76, a latch member 78, a packing assembly 80, and a 

23 shoe sub 82. The latch member 78 includes a plurality of flexible threaded 

24 fingers 84 which allow the inner assembly 72 to be ratcheted into a latch-in 

25 thread 86 of the outer housing 70 to secure the inner assembly in the outer 

26 housing. The Inner assembly 72 is removable from the outer housing 70 by 

27 unscrewing. The inner assembly 72 can also be uncoupled from the outer 

28 housing 70 by pulling the Inner assembly 72 with so predetermined load 

29 which causes flexing of the fingers 84. The latch member 78 having the 

30 fingers 84 is secured between the mandrel 76 and the top sub 74 which are 

31 threaded together. 
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1 The packing assembly 80 includes ciievron seals or otiier seals for 

2 preventing fluid from passing between the inner and outer assemblies of the 

3 membrane string to isolate the removed contaminant from the hydrocarbon. 

4 The packing assembly 80 is secured on the mandrel 76 by threading the shoe 

5 sub 82 onto the mandrel. 

6 Although the latch-in seal assembly 14 has been illustrated with a 

7 ratchet together/thread apart connection, it should be understood that other 

8 known connections, such as snap rings may also be used. In addition, the 

9 chevron seals are just one examples of the seals which may be used. 

1 0 The separation string according to the present invention is assembled 



1 1 by screwing the membrane elements 20, shear-out subs 30, fishing neck sub 

12 60, inner latch-in seal assembly 72, packoff assembly 1 6, and any other inner 

1 3 subs together in a configuration which is selected depending on' the 

1 4 properties of a particular well. The outer tubular members including the 

1 5 packoff bushing 1 9, perforated liner 1 8, tube 54, outer housing 70 of the seal 

16 assembly 14, and the bottom sub 12 are also threaded together. The inner 

1 7 members are then Inserted into the outer tubular members with the latch-in 

1 8 seal assembly 14 snapping or ratcheting the inner and outer members 

1 9 together. Once the inner and outer members are secured together, the inner 

20 members are prevented from floating out or otherwise becoming 

21 disconnected from the outer tubular members during operation. 

22 Although the parts of the separation string 1 0 have been illustrated 

23 with threaded connections, it should be understood that other known 

24 connecting mechanisms may also be used. The assembled separation string 

25 is lowered into a production tubing with a conventional deployment tool and 

26 sealed in place with appropriate packers. The deployment tool may be a 

27 wireline, coiled tubing, tubing, or other deployment tool. 

28 FIGS. 8 and 9 illustrate the top (first) and bottom (second) ends of an 

29 alternative embodiment for a membrane unit 1 1 0 for separating hydrocarbons 

30 from contaminants in a wellbore. Membrane unit 1 1 0 may be used in place of 

31 membrane unit 20 described above. Membrane unit 1 1 0 includes an outer 
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1 perforated tube 112, an inner perforated tube 1 14, and first and second end 

2 caps 1 1 6, 1 1 8. A tubular membrane 1 30 is received and supported between 

3 the outer and inner perforated tubes 1 12, 1 14. 

4 Tiie first end cap 1 1 6, as shown in FIG. 8, includes a connecting end 

5 with internal threads 1 32 for connection to other membrane elements, shear- 

6 out subs, production packers, or other elements of the separation system. 

7 The first end cap 1 1 6 also includes a membrane end including a first set of 

8 intemal threads 1 34 for threaded connection of the end cap to the outer tube 

9 112 and a second set of intemal threads for connecting the end cap to the 

10 inner tube 114. 

1 1 The second end cap 1 18, as shown in FIG. 9, includes a connecting 

1 2 end with external threads 1 38 for connection to other elements in the 

1 3 separating string, such as membrane elements and shear-out subs. The 

1 4 second end cap 11 8 also includes Intemal threads 140 for connection to the 

1 5 outer tube 1 12. A sealing member 142, such as one or more O-rings or 

1 6 gaskets, is provided for sealing the inner tube 1 1 4 to the second end cap 1 1 8. 

17 The positions of the sealing member 142 and Internal threads 136 sealing 

1 8 between the end caps 1 1 6, 1 1 8 and the inner tube 1 1 4 may also be reversed. 

1 9 The end caps 1 1 6, 11 8 of the membrane unit 11 0 allow the membrane 

20 130 to be removed from the membrane unit and replaced when the 

21 membrane becomes fouled. For replacement of the membrane 1 30, one or 

22 both of the end caps 116,118 may be removed. The membrane unit 1 1 0 is 

23 illustrated with inner and outer perforated tubes 1 14, 1 12 for providing 

24 structural support for the membrane 1 30. The membrane 1 30 is illustrated 

25 sandwiched between the inner and outer tubes 114,112. However, either the 

26 inner or outer tube 114,112 may be omitted if the membrane 1 30 is 

27 sufficiently self-supporting. 

28 The outer tube 1 12 preferably has a tensile strength which is sufficient 

29 to cany a load provided by the elements in the separation string which are 

30 located below the membrane unit 1 1 0 and are interconnected to each otiier 

31 and to the membrane unit. When a shear-out sub Is provWed, the tensile 
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1 Strength of the outer tube 1 12 is greater than the tensile strength of the shear- 

2 out sub. The outer tube 1 12 also provides protection of the membrane from 

3 wear as the membrane unit 1 1 0 is run into the well. The inner tube 1 14 

4 provides protection of the membrane 1 30 from wear which may occur when 

5 tools are passed through the center of the membrane. 

6 The ends of the membrane 1 30 may be provided with sealing rings 

7 1 50, 152 as shown in FIG. 1 1 . The sealing rings 1 50, 152 are fonned of a 

8 malleable material, such as plastic. The sealing rings 150, 1 52 are trapped 

9 between the inner tube 1 14 and the end caps 1 16, 1 1 8 with a press fit and 

10 provide a seal between the membrane 130 and the end caps. This prevents 

11 the flow of fluid around the ends of the membrane 1 30. For example, the 

12 sealing rings 150, 152 will prevent fluid which has passed out through the 

1 3 membrane 1 30 from flowing back into the hydrocariaon stream passing 

14 through the center of the membrane unit 1 1 0. Alternative or additional 

15 sealing arrangements may also be provided. For example, the seals provided 

16 by the sealing rings 150, 152 can be enhanced by adding 0-rings or other 

17 seals. 

18 The membrane unit 1 10 has been illustrated with a single membrane 

19 1 30, however, multiple membranes may also be positioned within one 

20 membrane unit. The membrane units 1 10 may be connected to one another, 

21 as shown in FIG. 1 0, and to other elements of a separation system by the 

22 threaded connectors 1 32, 1 38 on the ends of the membrane units. The 

23 membrane units 110 may be connected in series, parallel, or combinations 

24 thereof as needed for a particular application. One or more membrane units 
25 . 1 10 and other units together fonn a separation string which is inserted into 

26 thewellbore. 

27 The assembled separation string according to the present invention is 

28 lowered into a wellbore and sealed In place. The separation string may be 

29 positioned in a production tubing in the wellbore for easy retrieval without 

30 removing the entire production tubing. 
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1 The membrane units 110 have a tubular configuration and allow 

2 connection in a continuous string which has an open central passageway. 

3 This tubular configuration allows conventional oil field tools to be mn through 

4 the membrane units. The ability to run tools through the membrane units 110 

5 provides the added advantage that the membrane units do not have to be 

6 removed for many processes to be performed. For example, gas lift valves, 

7 setting and pulling tools, impression blocks, chemical injection valves, tubing 

8 stops, packers, tubing plugs, memory logs, production logs, dump bailers, 

9 perforation guns, or the like can be run through the membrane units 1 10. The 

10 membrane 130 is protected from wear as the tools are passed through the 

1 1 membrane unit 1 1 0 by the inner tube 1 14. 

12 The operation of the present Invention will be described with respect to 

13 a vertical well, however, it should be understood that the invention may be 

14 employed in horizontal wells and other non-vertical wells. 

1 5 In operation, the hydrocarbon and contaminants enter the wellbore and 

1 6 pass upward through the inside of the membrane unit 1 1 0. As the 

17 hydrocarbon passes through the membrane unit 110, one or more 

1 8 contaminants permeate out through the membrane 1 30 and enter a 

1 9 sun-ounding containment collection zone. The hydrocarbon plus any 

20 remaining contaminants that were not removed continue out the top of the 

21 membrane unit 1 1 0. The hydrocarbon with reduced contaminants is passed 

22 to the surface or to another separation system. The contaminants which . 

23 have been collected in the collection zone may be disposed of by directing 

24 the contaminants to an underground disposal fonnation. Alternatively, the 

25 contaminants may be removed from the collection zone to the surface. 

26 When the membranes become fouled, an increase in the amount of 

27 contaminants produced may be observed at the surface indicating that the 

28 membranes should be replaced or cleaned. Other detection methods may 

29 also be used to detect fouling of the membranes. In addition to replacement 

30 of membranes when they become fouled, it may be desirable to replace 

31 membranes for other reasons, such as when the production of a well changes 
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1 and different membranes are needed for removal of different contaminants or 

2 wlien improved membrane technologies become available. The removed 

3 membranes may be cleaned for reuse or discarded. 

4 The membrane units 110 may be removable and replaceable by a 

5 retrieval tool using conventional retrieval technology such as wireline or coil 

6 tubing. A wireline retrieval tool includes a grasping portion which grasps an 

7 end of the membrane unit 1 1 0 or a fishing neck which is attached to an end 

8 of the membrane unit. A fishing neck functions as a receptacle for the 

9 grasping portion of the retrieval tool. 

1 0 The operation of the present invention will be described with respect to 

1 1 a vertical well, however, it should be understood that the invention may be 

12 employed in horizontal wells and other non-vertical wells. 

13 In operation, the hydrocarbon and contaminants enter the wellbore and 

14 pass upward through the inside of the separation string 1 0 and the 

15 membranes which are positioned in the membrane units 20. As the 

16 hydrocarbon passes through the membranes, one or more contaminants 

17 penneate out through the membranes and enter a sun-ounding containment 

18 collection zone. The hydrocarbon plus any remaining contaminants that were 

19 not removed continue out the tops of the membrane tubes. The hydrocarbon 

20 with reduced contaminants is passed to the surface or to another separation 

21 system. The contaminants which have been collected in the collection zone 

22 may be disposed of by directing the contaminants to an underground disposal 

23 fomiation. Alternatively, the contaminants may be removed from the 

24 collection zone to the surface. 

25 When the membranes become fouled, an Increase in the amount of 

26 contaminants produced may be obsen/ed indicating that the membranes 

27 should be replaced. Other detection methods may also be used to detect 

28 fouling of the membranes. In addition to replacement of membranes when 

29 they have become fouled, it may be desirable to remove the separation 

30 system for alterations, modifications, or updates when the production of the 

31 well changes or when Improved technologies become available. 
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1 Themembraneunits20, or 110, may be removable and replaceable 

2 by a retrieval tool using conventional retrieval technology such as wireline or 

3 colled tubing. A wireline retrieval tool includes a grasping portion which 

4 grasps the fishing neck sub 60 and pulls the separation string out of the 

5 production tubing. The fishing neck sub 60 functions as a receptacle for the 

6 grasping portion of the wireline retrieval tool. A colled tubing retrieval system 

7 operates In a similar manner. 

8 The wellbore and the production tubing in the wellbore may include 

9 curves and irregularities which can cause the separation string to become 

10 stuck during retrieval. If a portion of the separation string becomes stuck In 

1 1 the production tubing during removal, the shear-out sub 30 shears off at a 

1 2 predetermined tension toad leaving the fishing neck 50 of the shear-out sub 

1 3 exposed. The retrieval tool is then lowered into the production tubing to 

14 retrieve a remainder of the separation string by grasping the fishing neck 50 

1 5 of the shear-out sub 30. The removed membranes may be cleaned for reuse 

16 or discarded. 

1 7 Some of the contaminants which may be removed are gases including 

18 carbon dioxide, nitrogen, water vapor, hydrogen sulfide, helium, and other 

19 trace gases, and liquids including water, and other liquids. In addition, heavy 

20 hydrocarbons may be separated from hydrocarbon gases. The hydrocartion 

21 from which the contaminants are separated according to the present 

22 invention may be oil, methane, ethane, propane, or others. 

23 Each one of the stacked membrane units 20 may be designed to 

24 penneate one or more of the contaminants which are present in the well. For 

25 example, one membrane unit 20 may be designed for removal of carijon 

26 dioxide, a second for removal of hydrogen sulfide, and a third for removal of 

27 water. 

28 Although a hollow fiber or tubular shaped membrane fomied of 

29 multiple membrane elements is illustrated, other membrane shapes may also 

30 be used. Some other membrane shapes includes spiral wound, pleated, flat 

31 sheet, or polygonal tubes. The use of multiple hollow fiber membrane tubes 
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1 have been selected for their large fluid contact area. The contact area may 

2 be further increased by adding additional tubes or tube contours. 

3 The membrane units 20 may be stacked in different arrangements to 

4 removed contaminants from the flow of hydrocarbon gas in different orders. 

5 For example, the bottom membrane units 20 may be those that remove water 

6 and heavy hydrocarbons which may damage some of the membrane 

7 materials. The membrane units 20 may be arranged in series or parallel 

8 configurations or in combinations thereof depending on the particular 

9 application. 

1 0 The separation system according to the present invention may be of a 

1 1 variable length depending on the particular application. The stacked 

1 2 membrane units 20 may even extend along the entire length of the wellbore 

1 3 for maximum contaminant removal. 

14 FIG. 1 illustrates an inside-out flow path where the hydrocarbon and 

1 5 contaminants flow into the inside of the membrane tube(s) and the 

16 contaminant permeates out through the tube. However, an outside-in flow 

1 7 path may also be used where the hydrocarbon and contaminants flow around 

1 8 the outside of the tube(s) and the contaminants are permeated into the inner 

19 bore of the tube(s). 

20 The membranes according to the present invention are selected to be 

21 durable, resistant to high temperatures, and resistant to exposure to liquids. 

22 The materials may be coated or othenwise protected to help prevent fouling 

23 and improve durability. Examples of suitable membrane materials for 

24 removal of contaminants from a hydrocarbon gas stream include cellulose 

25 acetate, polysulfones, polyimides, cellulose triacetate (CTA), carbon 

26 molecular sieve membranes, ceramic and other inorganic membranes, 

27 composites comprising any of the above membrane materials with another 

28 polymer, composite polymer and molecular sieve membranes including 

29 polymer zeolite composite membranes, polytrimethylsilene (PTMSP). and 

30 rubbery polymers. 
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1 Some examples of polyimldes are the asymmetric aromatic polyimides 

2 In hollow fiber or flat sheet form. Patents describing these include U.S. 

3 Patent No. 5,234,471 and U.S. Patent No 4,690,873. 

4 Some examples of carbon molecular sieve membranes are those 



5 prepared from the pyrolysis of asymmetric aromatic polyimide or cellulose 

6 hollow fibers. Patents describing these include European Patent 

7 Application 0 459 623 and U.S. Patent No 4.685,940. These fibers may be 

8 coated with a separate polymer or post-treated after spinning to increase 

9 resistance to high humidity and impurities, such as in U.S. Patent 
10 No. 5,288,304 and U.S. Patent No. 4,728,345. 



1 1 The number, type, and configuration of the membranes may vary 

12 depending on the particular well. The separation system may be specifically 

1 3 designed for a particular well taking into account the type and amounts of 

14 hydrocarbon and contaminants present in the well, and the well configuration. 

1 5 The present invention may be combined with existing downhole 



1 6 technologies for mechanical physical separation systems, such as cyclones 

17 or centrifugal separation systems. The invention may also be used for partial 

1 8 removal of the contaminants to reduce the burden on surface removal 

19 facilities with the remaining contaminants removed by conventional surface 

20 technologies. Some types of separated contaminants such as carbon dioxide 

21 can be reinjected into the productive horizon to maintain pressurization of the 

22 reservoir. 

23 While the Invention has been described in detail with reference to the 

24 prefen-ed embodiments thereof, it will be apparent to one skilled in the art that 

25 various changes and modifications can be made and equivalents employed, 

26 without departing from the present invention. 
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1 WHAT IS CLAIMED IS : 
2 

3 1 . A retrievable system posltionable in a production tubing of a 

' 4 wellbore for separating hydrocarbons and contanf)lnante in the weiibore, the 

5 system comprising: 

6 a plurality of membrane units configured to be positioned in the 

7 wellbore for separating contaminants from a hydrocarlxjn, the membrane 

8 units each having a first end and a second end, the second end is configured 

9 to be connected to the first end of another membrane unit; and 

10 a shear-out member for preventing fi'actures of the membrane 

1 1 units, the shear-out member having first and second ends configured to be 

1 2 connected to first and second ends of the membrane units for interconnecting 

1 3 membrane units, the shear out member having a shearing portion which 

14 shears at a predetermined load separating the first and second ends of the 

1 5 shear-out member and exposing a portion configured to be grasped by a 

1 6 retrieval tool, wherein the predetemnined load at which the shearing portion 

17 shears is less than a load which would fracture the membrane units. 
18 

1 9 2. The system of Claim 1 , wherein the shear-out member includes 

20 two telescoping members and the shearing portion connects the two 

21 telescoping members. 
22 

23 3. The system of Claim 2, wherein one of the telescoping 

24 members of the shear-out member includes the portion configured to be 

25 grasped by a retrieval tool when the shearing portion has been sheared. 
26 

27 4. The system of Claim 1, wherein at least one of the plurality of 

28 membrane units is provided with a fishing necl< configured to be grasped by a 

29 retrieval tool. 
30 
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1 5. The system of Claim 4, wherein the fishing neck is configured to 

2 be connected to the first end of the membrane units. 
3 

4 6, The system of Claim 1 , further comprising first and second 

5 sealing assemblies for preventing contaminants which have been separated 

6 by the membrane units from passing back Into a hydrocarbon stream. 
7 

8 7. The system of Claim 6, wherein the second sealing assembly 

9 provides a latch for securing the membrane units and shear-out subs within a 
10 perforated tubular liner. 

11 

12 8. A retrievable hydrocarbon separation system positlonable In a 

1 3 production tubing for retrieval of the separation system without removal of the 

14 production tubing, the system comprising: 

15 at least one membrane unit configured to be positioned in the 

1 6 production tubing for separating contaminants from hydrocartson, the 

17 membrane unit having a fishing neck located at one end to allow retrieval of 

1 8 the membrane unit from the production tubing with a retrieval tool. 
19 

20 9. The system of Claim 8, wherein the fishing neck is coupled to 

21 the membrane unit by a releaseable coupling. 
22 

23 10. The system of Claim 8, wherein the at least one membrane unit 

24 switch positions comprises a plurality of membrane units connected to one 

25 another by releaseable couplings. 
26 

27 11. The system of Claim 10, further comprising a shear-out sub 

28 connected between the membrane units for preventing fracture of the 

29 membrane units, the shear-out sub having a sheared configuration which 

30 exposes a fishing neck of the shear-out sub for retrieval of the membrane 

31 units. 
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1 1 2. The system of Claim 8, wherein the at least one membrane unit 

2 is positioned within a perforated tubular liner and is connected to the 

3 perforated liner by a latch-In assembly. 
4 

5 1 3. A method of retrieving a system for separating hydrocarbons 

6 and contaminants in a wellbore without fracturing the system except a defined 

7 locations, the metiiod comprising: 

8 providing a membrane separation system for separating 

9 hydrocarbons and contaminants in a wellbore, the membrane separation 

1 0 system including at least one membrane unit and at least one shear-out sub 

11 connected to the membrane unit 

12 removing the membrane unit from a production tubing in the 

13 wellbore with a retrieval tool which grasps the membrane unit; and 

14 shearing the separation system at the shear-out sub without 

15 fracturing of the membrane unit. 
16 

17 14. The method of Claim 13. further comprising the step of: 

18 grasping and removing a remaining portion of the separation 

19 system with the retrieval tool by grasping a fishing neck of a remaining portion 

20 of the shear-out sub, 
21 

22 15. The method of Claim 14, further comprising servicing the 

23 membrane separation system and replacing the membrane separation 

24 system In the production tubing. 
25 

26 16 A retrievable and reusable membrane system having a 

27 replaceable membrane for separating hydrocarbons and contaminants in a 

28 wellbore, the system comprising: 

29 a perforated tube configured to be positioned in the wellbore; 
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1 a first end cap removably secured on a first end of the 

2 perforated tube, the first end cap including a coupling element for coupling 

3 the perforated tube to elements of the separation system; and 

4 at least one membrane removably secured in the perforated 

5 tube for separating contaminants from a hydrocarbon, wherein the membrane 

6 can be removed from the perforated tube by removing the first end cap. 
7 

8 17. A separation system having a replaceable membrane for 

9 separating hydrocarbons and contaminants In a wellbore, the separation 
10 system comprising: 

i 1 a plurality of reusable membrane units configured to be 

12 positioned within a wellbore, the membrane units having connectors for 

1 3 interconnecting the membrane units to forni a continuous flow path; and 

14 at least one replaceable membrane in each of the reusable 

1 5 membrane units for separating hydrocarbons and contaminants. 
16 

17 18. The separation system of Claim 17, wherein the membrane 

1 8 units each include a perforated member containing the membrane and a 

1 9 removable cap which is removable for replacement of the membrane. 
20 

21 19. The separation system of Claim 1 8, wherein a passage is 

22 provided through the tubular perforated member and the tubular membrane 

23 suitable for passing tools. 
24 

25 20. A separation system having a replaceable membrane for 

26 separating hydrocarbons and contaminants in a wellbore, the system 

27 comprising: 

28 an outer perforated tube for providing exterior stmctural support; 

29 an inner perforated tube for providing wear protection; and 
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1 a membrane trapped between in the outer perforated tube and 

2 the inner perforated tube for separating hydrocarbons and contaminants in a 

3 wellbore. 
4 

5 21 . The system of Claim 20, further comprising an end cap which is 

6 removable from the outer perforated tube for removing and replacing the 

7 membrane. 
8 

9 22. A method of replacing a membrane in a downhole system for 

10 separating hydrocarbons and contaminants, the method comprising: 

1 1 providing a membrane separation system for separating 

12 hydrocarbons and contaminants in a wellbore, the membrane system 

1 3 including a membrane unit containing a membrane; 

14 removing the membrane unit from the wellbore with a retrieval 

15 tool; 



16 removing the membrane from the membrane unit; 

17 replacing the membrane; and 

18 reinserting the membrane unit into the wellbore. 

20 23. The method of Claim 22, wherein the step of removing the 



21 membrane from the membrane unit includes removing an end cap from the 

22 membrane unit and removing the membrane from an open end of the 

23 membrane unit. 
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